Activation of phenylalanine hydroxylase: effect of substitutions at Arg68 and Cys237.
Phenylalanine hydroxylase (PAH) is a multidomain tetrameric enzyme that displays positive cooperative substrate binding. This cooperative response is believed to be of physiological significance as a mechanism that controls L-Phe homeostasis in blood. The substrate induces an activating conformational change in the enzyme affecting the secondary, tertiary, and quaternary structures. Chemical modification and substitution with a negatively charged residue of Cys237 in human PAH (hPAH) also result in activation of the enzyme. As seen in the modeled structure of full-length hPAH, Cys237 is located in the catalytic domain close to residues in the oligomerization and regulatory domains of an adjacent subunit in the dimer, notably to Arg68. This residue is located in a prominent loop (68-75), which also has contacts with the dimerization motif from the same subunit. To investigate further the involvement of Cys237 and Arg68 in the activation of the enzyme, we have prepared mutants of hPAH at these positions, with substitutions of different charge and size. The mutations C237D, R68A, and C237A cause an increase of the basal activity and affinity for L-Phe, while the mutation C237R results in reduced affinity for the substrate and elimination of the positive cooperativity. The conformational changes induced by the mutations were studied by far-UV circular dichroism, fluorescence spectroscopy, and molecular dynamics simulations. All together, our results indicate that the activating mutations induce a series of conformational changes including both the displacement of the inhibitory N-terminal sequence (residues 19-33) that covers the active site and the domain movements around the hinge region Arg111-Thr117, in addition to the rearrangement of the loop 68-75. The same conformational changes appear to be involved in the activation of PAH induced by L-Phe.